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Equat ions  are  g iven wh ich  es t imate :
.  t ree height;
.  he igh t  to  any  spec i f ied  d iameter ;
.  d iameter  a t  any  spec i f ied  he igh t ;
.  bole area of  any sect ion of  stem;
.  volume of  any sect ion of  stem,
fo r  p lan ta t ion  th inn ings  o f  s lash  p ine
and stand predominant height.  These(Tr  5e) .
ABSTRACT
a n d
(Pinus el l iot t i i  Engelm. var.  e l l iot t i i l ,  g iven only d.b.h.
have been programmed for a programmable calculator
INTRODUCTION
Foresters f requent ly require basic stem form data of  p lantat ion species to est imate volumes to
var ious  u t i l i sa t ion  l im i ts ,  the  min imum d iameter  b reas t  he igh t  overbark  (d .b .h . )  fo r  a  s tem to
meet  po le  s tandards ,  and to  es t imate  he igh ts  to  var ious  d iameter  l im i ts .  A  s imp le  and versa t i le
equat ion to predict  stem taper developed for s lash pine in U.S. plantat ions (Bennett  and Swindel
1972; Bennett  et  a l .  1974) has been f i t ted to Oueensland data.  To enhance the ut i l i ty  of  th is
equat ion ,  an  equat ion  to  es t imate  t ree  he igh t  f rom d .b .h .  and s tand predominant  he igh t r  has  been
developed. These equat ions al low numerous mensurat ional  parameters to be determined, using
rout ine measurements and a programmable calculator.
MATERIALS
The data selected for th is study were 4249 sample t rees taken pr incipal ly f rom rout ine plantat ion
th inn ings  in  south  eas t  Queens land.  These inc lude a  range o f  p redominant  he igh ts  f rom 4  to  34  m,
to ta l  he igh ts  J rom 3  to  33  met res  and d .b .h .  f rom 6  to  53  cm.  The sampl ing  d is t r ibu t ion  is  g iven
in  Append ix  1 .  Ages  o f  the  sample  t rees  var ied  f rom 4  to  45  years  and in i t ia l  spac ing  ranged f rom
1 . 8  x  1 . 8  m  t o  3 . 6  x  3 . 6  m .
Sample t rees were f ree of  fork ing, and of  any other defect  which would render them atypical .
Measurements  taken inc lude s tand predominant  he igh t ,  d .b .h . ,  t ree  he igh t ,  and d iameters  over  and
under bark at  3 m intervals,  commencing at  2 m. Some trees had measurements taken at  0.b m
and 0.2 m, but these measurements were not used in th is study. Some sample t rees, col lected
p r i o r  t o  1 9 7 3  w e r e  m e a s u r e d  a t  r e g u l a r  1 0  f t  ( c . 3  m )  i n t e r v a l s  c o m m e n c i n g  a t  5  f t  ( c .  1 . 5  m ) .
METHODS AND RESULTS
We requ i re  the  to ta l  he igh t  equat ion  to  be  cons t ra ined such tha t  to ta l  he igh t  i s  1 .3  m fo r  a  d .b .h .
equal  to 0 cm, i r respect ive of  predominant height,  and for total  height to increase asymptot ical ly
toward  the  predominant  he igh t  as  the  d .b .h .  inc reases .
'  Stand predominant height is defined as the tallest 50 trees/ha measured on the basis of one stem
per 0.02 ha unit
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lnspect ion of  the data revealed that few trees had total  heights greater than the predominant
he igh ts ,  and the  mean to ta l  he igh t  fo r  any  d .b .h .  i s  a lways  less  than the  predominant  he igh t .
A  su i tab le  func t ion  wh ich  meets  these cons t ra in ts  i s :
H  :  P H  -  I P H  -  1 . 3 ] / 1 1  +  f ( D ) l  ( 1 )
such tha t  f (D)  :  0  when D :  0
and where plJ:  predominant height
a n d  D :  d . b . h .
To faci l i tate f i t t ing of  th is model,  the data were grouped into one hundred and thir ty- two classes,
each with dimensions of  2 cm d.b.h.  x 2 m predominant height,  and the mean tree height,  mean
predominant height and mean d.b.h.  for  each class were used in subsequent regression. Models
were f i t ted to the data by non- l inear least  squares using the Gauss-Newton method with
mod i f i ca t ions  (Bard  1967) .  A  su i tab le  func t ion  in  d .b .h . ,  was  found to  be  a  quadra t ic  th rough
the  or ig in .  The mode l  was  fu r ther  improved by  rep lac ing  PH in  equat ion  (1 )w i th  a  l inear  func t ion
in  p redominant  he igh t ,  resu l t ing  in  the  fo l low ing  equat ion :
H  : * o  + " . r P H  -  ( * o  +  o . r P H  -  1 . 3 1 / ( 1  + * . D  + * r D z )  ( 2 1
where the parameters have the fol lowing est imates,
* o : 3 ' 1 3 5
* r : 0'9273
*z :  0 '06781
*r - 0.006285
T h i s  r e l a t i o n s h i p  i s  i l l u s t r a t e d  i n  F i g u r e  1  .
30
D.b .h .  ( cm)
p  h t '  1 0 . 0  m
p h t - 5 . 0 m
Figure 1.  The relat ionship of  totaf  height wi th predominant height and d.b.h.
3.
The stem form equat ion,  as descr ibed by Bennett  and Swindel  (1972),  is  der ived from three
assumpt ions :
1.  The diameter underbark of  a t ree,  as a funct ion of  height above ground, can be expressed
by a  th i rd  degree po lynomia l .
2.  The diameter underbark at  breast height is a constant proport ion of  d iameter overbark atb reas t  he igh t .
3.  The diameter underbark at  the top of  the t ree is zero.
These assumpt ions  lead to  the  fo l low ing  equat ion :
d h :  F o  D ( H  -  h ) / t H  -  1 . 3 )  +  ( F ,  +  p . H )  ( H  -  h )  ( h  -  1 . 3 )
+  F , h ( H  :  h )  ( h  -  1 . 3 )  ( 3 )
where d 6 is diameter underbark at  height h above
ground
D  i s  d . b . h .
and H is t ree height
The concept may be extended to diameter over bark by set t ing the constant due to the second
assumpt ion  above (P" ) ,  equa l  to  un i ty .
Equat ion (3) was f i t ted to the data using ordinary least  squares l inear regression, for  both
the  overbark  and underbark  da ta .  Resu l ts  a re  g iven in  Tab le  1 .
Table 1 . Parameter estimates for Equation 3
Parameter Overbark Underbark
Fo
B,
1 . 0 0.84299
0.071559 0.059217
B, -0.0027009 _0.0015813
B'
r'
0.0027823 0.0016318
0.755 0.982
No. of  sample t rees 4249
Totaf no. of measurements 24664
The er ro r  ana lys is  g iven  in  Tab le  2  revea ls  tha t  equat ion  3  adequate ly  descr ibes  the  underbark
form of s lash pine stems from 20 to 30 cm d.b.h.  but  outs ide that range, considerable bias
becomes evident.  Equat ion 3 overest imates diameters of  smal ler  sterns,  and underest imates
diameters of  larger stems.
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Tabfe 2. Error analysis for equation (3)
D " b . h "
c lass
(cm)
Height
dec i le
Number of
measures
Biasf M"A,D"
(cm)
S"D.
<20
20-30
>30
675
1445
797
1  196
1032
962
1176
1026
1 598
1 035
1324
573
1  190
1  1 3 9
994
1 095
1 068
1 085
1 384
1 1 5 4
3 1 3
249
216
255
272
280
268
270
303
290
4.482
-0.405
{ .454
-o.052
4.273
- 0 . 1 3 5
-0.007
-0.020
-{ -0.191
+0.438
-0 .310
-0.203
+0.1 30
+0.004
+0.051
+0.026
+0.056
+0.094
-0.043
+0. 1 92
+0.094
+0.556
+0.691
+0.628
+0 .515
+0.607
+0.860
+0 .717
+0 .130
+0.025
0.542
0.487
0.636
0.606
0.691
0.7 45
0 . 6 1 0
0.574
0.473
0.501
0.570
0.574
0.680
0 . 8 1 3
0 .91  1
0 . 9 1 9
0.849
0.729
0.540
0.431
0.663
0.945
1 .055
1 .073
1 .033
1 . 1 0 9
1 .270
1 . 1 2 5
0.857
0.589
0.473
0.469
0.651
0.799
O.BB7
0.965
0 . 8 1 8
0 .761
0.574
0 . 4 1 5
0.666
0 . 7 1 4
0.859
1 .000
. 1 3 6
. 1 5 4
.070
0.932
0 . 7 1 0
0 . 5 1 9
0.857
1 . 0 4 5
1  . 1 5 4
1  . 1 9 8
1.252
1 . 2 9 6
1 . 3 6 4
1.258
1  . 1 0 6
0.809
1
2
3
4
5
6
7
8
I
1 0
1
2
3
4
5
o
7
8
I
1 0
1
2
3
4
5
6
7
I
I
1 0
f  B i a s  A c t u a l  d . u . b .  -  e s t i m a t e d  . u . b .
M.A.D.  :  Mean abso lu te  d i f fe rence
S.D. Standard deviat ion of  d, i f ferences
Regress ion  ana lys is  and examinat ion  o f  res idua ls  revea led  tha t  an  equat ion  more  su i ted  to  the
Oueens land a ta  was:
d :  n o D ( H  - h )  /  ( H -  1 . 3 )  * ( P , D / H  + 0 , H ' )  ( H  - h )  ( h - 1 . 3 )  + B ' h ( H  - h )  ( h - 1 . 3 )
and the  appropr ia te  va lues  are  g iven in  Tab le  3 .  An er ro r  ana lys is  i s  p resented  in  Tab le  4 .
Tab le  5  i l l us t ra tes  tha t  age and in i t ia l  spac ing  have l i t t le  e f fec t  on  the  accuracy  o f  the
d iameter  es t imate .
( 4 )
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Table 3. Parameter estimates for Equation 4
Parameter Overbark Underbark
Fo
F,
F,
B'
1 . 0
0.040738
-0.000068842
0.0027236
0 .816
4249
24664
0.83139
0.043435
.0.000044566
0 .0014518
0.988r'
No. of  sample t rees
Tota I  no.  of  measurements
Tabfe 4" Error analysis for  equat ion (4)
D . b . h ,
c lass
(cm)
Heigh t
d e c i l e
Number of
measures Bias
t\t. A. D"
{cm u"b , ) S , D
<20
20-30
>30
675
1445
797
1  196
1032
962
1176
1026
1 598
1035
1324
573
1  190
1  1 3 9
994
1 095
1 068
1 085
1 384
1  1 5 4
3 1 3
249
216
255
272
280
268
270
303
290
4.271
-0.256
4 .121
+0.080
*0.046
+0.065
+0.1 53
+0.1 33
+0.293
+0.496
-0.056
+0.075
+0 .107
+0.005
+0.009
-0 .018
+0 .017
+0.058
.-0.067
+0.209
+0.390
+0.299
+0.1 50
-0.209
-0.387
-0.281
+0 .112
+0.1 0B
-0.283
:0.1 26
0.432
0.403
0.454
0.439
0.489
0.487
0.468
0.446
0.442
0.522
0.528
0.566
0.637
0.648
0.656
0.661
0.666
0.658
0.530
0.429
0.759
0.875
0.952
0.909
0.980
0.947
0.956
1 .007
0.909
0.628
0.475
0.465
0.570
0.554
0.635
0 . 6 1 9
0.573
0.568
0.482
0.375
0.676
0.738
0.798
0 . 8 1 5
0.827
0.834
0 .851
0.844
0.690
0 . 5 1 0
0.876
1 .080
1.225
1  . 1 6 9
1  . 1 9 9
1 . 1 7 1
1 .187
1 .279
1  . 1 6 0
0.837
1
2
3
4
5
6
7
B
9
1 0
1
2
3
4
5
6
7
B
9
1 0
1
2
3
4
5
6
7
8
9
1 0
6.
Tab!e 5.  Ef fect  of  age and spacingt on diameter (u,b.)  est imate
Height
d e c i l e B i a s
(crn)
Age < 15 yrs Age 15J5 yrs
Bias
(cm)
Age >25 yrs
Bias
(cm)
1
2
3
4
5
6
7
B
9
1 0
130 *O.26
1608 4.23
317 *0.05
1129 +0.20
715  +0 .13
764 +0.21
921 +0.21
783 +0.07
1146  +0 .21
803 +0.48
1477
228
1414
9 1 1
991
1022
1026
1 028
1 461
1 051
4 . 1 7
-0.08
+0.04
-0 .10
-0.07
-0.1 0
-0.04
+0.01
+0.02
+0.25
705 +0.21
431 +0.30
472 +0.05
550 -0.14
592 4.27
551  -0 .18
565 +0.13
570 +0.28
678 +0.03
625 +0.11
Height
dec i le Bias
(cm)
Spacing
1 . 8  x  1 . 8  o r
2 . 1  x  2 . 1  m
Spacing
2.4  x  2 .4  o r
2 . 7  x  2 . 7  m
Bias
(cm)
Spacing
3.0  x  3 .0  m
Bias
(cm)
1
2
3
4
5
6
7
B
I
1 0
1 5 0
597
146
396
347
236
440
257
512
287
-0.01
-0.1 I
+0.28
+0.22
+0.03
+0.23
+0.27
+ 0 . 1 8
r0.32
+0 .51
138  -0 .31
637 4.29
207 +0.05
429 +0.17
354 +0.26
362 +0.14
370  +0 . \2
395 -0.02
535 +0.04
420 +0.43
1 1  - 0 . 1 6
245 -0.18
74 -O.10
178 +0.18
125 +0.10
1 1 8  + 0 . 3 4
156  +0 .16
1  05  +0 .12
162 +0.13
105 +0.49
f  F i r s t  t h i n n i n g s  o n l y  u s e d  i n  t h i s  p a r t  o f  t h i s  t a b l e
7.
Bennett  and Swindel  (1972) point  out  that  their  model does not f i t  the swol len butt  of  the t ree.
However,  inspect ion of  actual  stem prof i les reveals that  model (4) f i ts  the stems in th is study
adequately to as low as 0.2 metres.  Users are caut ioned that th is model wi l l  underest imate the
diameter at  ground level ,  where the butt  swel l  is  more pronounced.
A further problem with the use of  a cubic equat ion is that  i t  may contain stat ionary points.
Equat ion (4) may be re-arranged to give:
d : y o  + Y r h  + Y r h ' * Y r h '
where  1o  :  B .DH / (H -  1  .3 )  -  1 .3H(P,D /H +  B,H ' I
Y ,  =  - F o D / ( H  -  1 . 3 )  +  ( H +  t . 3 )  ( B , D / H  +  B , H ' )  -  1 . 3 P 3 H
Y' :  {  PP/H + F,H' I  + F. (H + 1.3)
rys : _6r
NOTE;  In  p rogramming,  ensure  d  <  Yo
I t  i s  now c lear  tha t  the  s ta t ionary  po in ts  w i l l  occur  a t  he igh ts  g iven by :
+ : y , + 2 " 1 r h + 3 1 . h , : 0a H '
or
h r - [ - Y . t ( \ :  3 Y , Y , l ' L l / 3 \ ,  ( 6 )
I t  is  desirable that  these stat ionary points do not l ie on the stem of the t ree. Thus we require
that:
h r < 0 o r h r ) ' H  Q l
Examinat ion  o f  the  equat ion  (6 )  revea ls  tha t  these cond i t ions  are  l i ke ly  to  be  v io la ted  on ly  by
very ta l l  s lender t rees.  No such trees occurred in the data used in th is study, and not one
such tree could be found in the ent i re data base held by the Forest  Research Branch. One stem
in  P lo t  25  o f  Exper iment  11  N.C. ,  a  c lose  spac ing  t r ia l ,  measured 16 .1  cm d .u .b .  and 26 .4  m
high at  the 1972 measure,  and was sat isfactor i  ly  descr ibed by equat ion (4).
The s imp le  fo rm o f  equat ion  (5 )  fac i l i ta tes  de terminat i  on  o f  he igh t  a t  any  d iameter ,  and bo le  a rea
and vo lume in teg ia ls ,  as  we l las  the  obv ious  computa t ion  o f  d iameter  a t  a  g iven  he igh t .
The he igh t  to  any  d iameter  d ,0  <  d  (  do  (d iameter  a t  g round leve l ) ,  may be  ca lcu la ted  as  one o f
the roots of  the cubic equat ion:
( Y o  :  d )  + Y r h  + Y r h '  + y . h 3  =  g
In  most  ins tances ,  the  des i red  so lu t ion  may be  ident i f ied  as :
h = S + T - T r / 3 T ,
where  S:  IR  +  (O3+ R l ; ' ' , ' " '
T = [ R - ( Q ' + R '   ) Y q ' t '
NorE; when Rt (o '  + R2)y2 is negat ive,  evaluate only the real  root .
R : I gyryr/y, - Z7("(,- d) - 2,(., / \3, ) /54y3
a n d  O :  ( 3 y , : y r r / y . / g y ,
However ,  fo r  some shor t  th ick  s tems,  O '+  R 'beconres  negat ive ,  and the  des i red  so lu t ion  is
c a l c u l a t e d  a s :
r /  r /
h : 2(-o) ' '  Coslarccos IR/ (-O.) ' ' f  /3] l , :yr/3y,
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Assuming tha t  the  c ross  sec t ion  o f  a  t ree  a t  any  he igh t  i s  c i rcu la r ,  the  bo le  a rea  and the  vo lume
may be computed from equat ion (5).  The bole area between any two heights hu and h'such that
H  )  h u  ) . h 1 ) 7  0 ,  m a y  b e  c a l c u l a t e d  a s :
B  :  n / 1 o o f  
h ' ( y o  
+  y , h  +  ^ ( r h ,  + % h 3 ) d h
n l
:  n / 1 0 0  t % ( h ,  -  n t )  +  y , ( h r ' -  h f \ / z  *  % ( h u ' -  h t ' ) / 3  *  y r ( h r .  - h t , ) / 4 1
Simi la r ly ,  the  vo lume between any  two he igh ts  i s  ca lcu la ted  f rom the  in tegra l  o f  the  square
of  equat ion  (5 ) (Bennet t  e t  a l .  1974\ :
h l
V : n/ 40000 J.ruty. + y,h + %h' + y.h.), dh"  f l l
:  r r /40000[Yo ' (hu  -  h | )  +  %y, (h ,  ' -  h1 ' )  +  (y , '+  2 ln , i y , )  (hu '  -  h t ' )  /3
+  ( Y o %  + \ , \ z )  ( h r o  -  h l n l  / 2  + ( \ r ' * 2 \ , \ r )  ( h r ' -  h l u )  / 5  + \ r \ ,
( h r u  -  h 1 u )  / 3  +  % '  ( h u '  -  h f  l / 7 1
DISCUSSION
Table 6 compares the parameters of  Bennett  and Swindel 's (1972) equat ion wi th those of
equat ion  3  and 4 .  Equat ion  (4 )  i s  no t  d i rec t l y  comparab le  w i th  equat ion  (3 ) ,  and on ly  the
po and 13. coeff ic ients are considered. Bennett  and Swindel 's parameters have been metr icated,
and converted to equate wi th equat ion 3.  No account has been made for the di f ference between
t h e  A u s t r a l i a n  ( 1 . 3  m )  a n d  U S A  ( 1 . 3 7  m  o r  4 . 5  f t )  s t a n d a r d s  f o r  d . b . h .
Table 6. Contrast of parameters (underbark)
( B )
F,B,F,AoSource
U.S.A.  (met r ica ted)  0 .8544
Equat ion 3 parameters 0.84299
(standard error)  0.00007
Equat ion 4 parameters 0.83139
(standard error) 0.00006
0 .01301
0.059217
0.000053
-0.0004010 0.0002694
-0.0015813 0.0016318
0.0000023 0.0000023
0 .0014518
0.0000018
Tab le  6  ind ica tes  there  is  a  s ign i f i can t  d i f fe rence in  fo rm o f  t rees  f rom USA and Oueens land.
Not ing  tha t  d iameter  b reas t  h igh  under  bark  i s  g iven  by  
€ .  
d .b .h . , i t  becomes apparent  ha t  the
data  o f  th is  s tudy  have s ign i f i can t ly  (a t  the  1  per  cent  leve l )  th icker  bark  than the  t rees  in
Bennett  and Swindel 's (1972\ study. The est imate of  6o obtained for equat ion (4) corresponds
c l o s e l y  w i t h  a n  i n d e p e n d e n t  r e g r e s s i o n  o f  d . b . h . u . b .  o n  d . b . h . o . b . :
d . b . h . u . b .  =  0 . 8 3 3 7 4  d . b . h . o . b .  ( r '    :  0 . g g ) .
9 .
Figures 2and 3 graphica l ly  compare Bennet t  and Swindel 's  model  wi th  equat ion (4) ,  and
i l l us t ra te  the  e f fec t  o f  vary ing  he igh t  and d .b .h .
40
D . b . h . o . b .-  3 8 . 1  c m  ( 1 5 ' )
30.5 cm (12'\
22.9 cm (9 ' )
H = 1 9 . 8 m ( 6 5 ' )
6  I  1 0  1 2  1 4  1 6
Height  of  t ree (m)
Figure 2. Effect of diameter on stem profile
-  Equat ion  (4 )
Bennett  & Swindel  equat ion
Equat ion  {4 )
Bennett  & Swindel  equat ion
\ \
t - t :24.4 m (80l .
E
C)
-  1 t r '
-a
-:
ci
\
\ \
\
\
\
\
\
D . b . h . o . b .=  3 0 . 5  c m  ( 1 2 " )
s
20
E
ll
:  1 b
ci
H = 1 5 . 2 m ( 5 0 ' )
6 E 1 0 1 2 1 4 1 6 1 8
Height of  t ree (m)
Figure 3. Effect of total height on stem profi le
H = 1 9 . 8 m ( 6 5
1 0 .
Table 7 compares diameters,  heights,  bole areas and volumes determined by equat ion (4) wi th
est imates f rom other equat ions in current use and with the' t rue'values. The true values of  height
and diameter are actual  measurements where avai lable,  or  have bee interpolated from adjacent
points using convex hyperbol ic or concave parabol ic funct ions (Grosenbaugh 1966).  Bole area
was calculated by f i t t ing Grosenbaugh's (1966) funct ions and comput ing the surface integrals.
Volumes were calculated using Newton's formula where end and centre diameters of  the sect ion
were  known,  and Grosenbaugh 's  (1966)  vo lume in tegra ls  e lsewhere  (Vanc lay  1982) .
I t  can be seen that for  every at t r ibute,  there is l i t t le bias in the form equat ion est imate.  The
not ional  residual  mean squares given in Table 7 provide an indicat ion of  the var iance associated
wi th  the  es t imate .
Figure 4 i l lustrates the relat ionship between merchantable volume ( to 7 cm t .d.u.b.)  predicted
from equat ion (8) wi th the total  height volume equat ion 032273(Vanclay and Shepherd 1983).
Figure 5 s imi lar ly indicates the volumes predicted from equat ions (2) and (8) wi th those from thepredominant height volume equat ion 030273. In each case, both pairs of  equat ions provide simi lar
est imates of  volume for real ist ic stern dimensions.
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- ' Volume equation 032273
D : 5 0
D = 4 0
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Equat ions  (2 )  and (6 )
= Volume equation 030273
e
O
;  1 . 5
E
=
1 . 0
5 1 0 1 5
Predominant
Volume to 7cm t.d,u.b,
20 25 30 35 40
he igh t  (m)
excluding 15 cm stump {D = d.b,h.o.b.)Figure  5 .
F i  na l l y ,  Tab le  B  examines  the  accuracy  o f  merchantab le  vo lume
It  can be seen that reasonable est imates of  volume are obtained
a n d  s i l v i c u l t u r a  I  r e g i m e s .
es t imates  prepared us ing  equat ion  (B) .
f rom a var iety of  stem sizes,  ages
CONCLUSION
The to ta l  he igh t  equat ion  (2 )  i s  a  conven ien t  means o f  es t imat ing  the  he igh ts  o f  th inned s tems
when only the commonly measured at t r ibutes,  d.b.h.  and predominant height are known.
The equat ion (4) developed from Bennett  and Swindel 's work,  is  a versat i le equat ion which has
considerable potent ia l  for  est imat ion of  height to any diameter,  d iameter at  any height and bole
area or volume of  any sect ion of  stem.
The u t i l i t y  o f  the  equat ion  is  enhanced by  the  ease o f  imp lement ing  i t  on  hand-he ld  p rogrammable
calculators.  Detai ls of  such a program for a Texas Instruments Tl  59 calculator are given in
Appendix 2.  Standard Fortran lV source l is t ings of  these funct ions are avai lable f rom the author.
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Table 8.  Precis ion of  volume est imate
Attribute Class Number of
sample trees
True mean.
volume
(cu m)
Equation 6 (cu m)
B ias M.A"D, S"D.
D . b . h .
( c m )
Tota l  he igh t
( m )
Predom. height
( m )
Age
(years)
I n i t i a  I  s p a c i n g
( m )
( f i r s t  t h i n n i n g s
o n l y )
0_10
1020
20-30
3040
40+
<10
1 0 - 1 5
15-20
2025
25€0
30+
< 1 0
1 0 - 1 5
15-20
20-25
25-30
30+
<10
1 0 - 1 5
15-20
20-25
25-30
30+
1 . 8  x  1 . 8
2 , 1  x  2 . 1
2 ,4  x  2 .4
2.7 x  2.7
3.0 x  3.0
65
2218
1628
270
43
224
1 373
1 369
958
275
25
109
544
1626
1  1 9 9
664
82
290
1626
652
946
270
440
0.005
0.097
0.329
0.838
1.847
0.027
O.OBB
0 . 1 9 3
0.405
0.831
1 .988
0 . 0 1 s
0.066
0 .139
0.302
0.489
1 .320
0.040
0 . 1 1 4
0.223
0.302
0.409
0.726
0.061
0 .112
0.125
0.098
0 .176
{.0026
-o.0004
+0.0027
+0.0106
+0.0006
-0.0006
+O.0013
-o.0001
-0.0008
+0.0157
+O.0526
-o.0013
+0.0002
+0.0019
4.0005
+0.0000
+0.0479
-0.0007
+0.0017
+O.0038
-o.0036
+0.0033
+0.0088
+O.0009
.r0.0027
+O.0004
+O.0013
+0.0032
294
456
593
248
256
0.0027 0.0018
0.0076 0.0106
0.0219 0.0293
0.0517 0.0677
0.1 183 0.1524
0.0030 0.0039
0.0060 0.0080
0 .0136  0 .0176
4.0272 0.0379
0.0533 0.0672
0.1622 0.1988
0.0023 0.0024
0.0049 0.0068
0.0088 0.0120
0.0206 0.0297
0.0324 0.0440
0.0999 0.1171
0.0040 0.0057
0.0073 0.0103
0 .0145  0 .0186
0.0212 0.0285
0.0304 0.0418
0.0475 0.0707
0.0043 0.0055
0.0073 0.0097
0.0089 0.0123
0.0064 0.0096
0 .0103  0 .0135
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Key
B
B'
Summary of Key strokes
Function
I n i t i a l i z e  f o r  t o t a l  h e i g h t  a n d  d . b . h .
In i t ia l i ze  fo r  p redominant  he igh t  and d .b .h .
C a l c u l a t e  d . u . b .  a t  g i v e n  h e i g h t
Ca lcu la te  he igh t  to  g iven  d .u .b .
Calculate volume between 2 heights
Calculate Surf  ace Area between 2 heights
Pr in t  to ta l  he igh t  and d .b .h .  o f  cur ren t  t ree
Sequence
T H B
DBH R/S
PH
DBH
D
HL
H U
H L
HU
B'
R/S
R/S
C 'C '
D
H
D
R/S
D '
R/S
D '
AA
1 6 .
APPENDIX I
Slash Pine Sample Trees in Analysis
Predominant height classes (m)
D . b . h .
c lass
(cm1
4 -  6 -  8 -  1 0 -
5 . 9  7 . 9  9 . 9  1 1 . 9
1 2 -  1 4 -  1 6 -
1 3 . 9  1 5 . 9  1 7  . 9
1 8 -  2 0 -  2 2 -  2 4 -
19.9 21.9 23.9 25.9
2 6 -  2 8 -  3 0 -  3 2 -
27.9 29.9 31.9 33"9
1
1 2 7 6 1 7 6
1 4 1 2 1 3 1 0 3 1 3
1 7 2 0 1 3 1 2 8 1 2
2 5 3 4 2 6 2 1 5 1 0
2 6 3 3 2 4 1 9 6 1 2
2 9 4 5 4 8 2 6 8 1 2
3 7 3 7 3 5 2 8 9 1 3
38 44 45 39 12 19
29 34 36 27 17 20
24 39 44 33 18 15
34 44 54 35 21 24
22 35 43 27 32 17
23 31 45 i4 36 19
1 1 1 7 2 2 3 4 4 4 9
6 1 0 2 0 3 1 2 9 2 1
3 6 1 5 2 0 3 5 2 0
1 1 1 2 2 2 2 7 1 7
1 5 5 1 1 1 9 2 2
1 1 6 2 0 1 4
B  1 4  1 6
7  1 3  1 6
3 7 9
6 9
1 5 5
3 1 6
2 3 2
5 1
2 1 1
1
3
1
5
9
22
20
25
27
22
zo
1 3
5
5
1
1
1
1
4
B
31
39
7B
1 0 1
1 1 6
147
126
107
104
77
57
45
22
1 0
8
1
1 0  3
1 0  1  1  3
1 0  1 0  3  1
1 0  4  4
1 0  6  4
B  1 0  9
4  1 0  1 8
1 0  1 5
4  1 6
1 5
1 3
3
1
6- 6.9
7-  7 .9
B_ 8.9
9-  9.9
10-10 .9
1 1 - 1 1  . 9
12-12.9
13-13 .9
1L-1q.9
1 : -15 .9
16-16 .9
17-17.9
18-18 .9
1 9 - 1 9 . 9
20-20.9
21-21.9
22-22.9
23-23.9
24-24.9
25-25.9
26-26.9
27 -27 .9
28-28.9
29-29.9
30-30.9
31-31  .9
32-32.9
33-33.9
34-34.9
35-35.9
36-36.9
37-37.9
38-38.9
39-39.9
40-40.9
41-41 .9
42-42.9
43-43.9
44-44.9
45-55.9
46-46.9
47-47.9
48-48.9
49-49.9
50-50.9
51-51 .9
52-52.9
Tota ls
Grand Total
1
1
1
1
4
1
1
3
1
5
6
7 1
2 3
6 1
B 1
3 1
3 2
4
1 1  1
4 1
9 4
6 2
1 1 0
B 7
5 4
1 6
1 4
2 2
1 4
1 1
2 1
1
2 2
1
x/
3
2
7
1
734830 46
4249
107363407507 4794551083 353187102
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APPENDIX 2
Instructions for Author's Tl 59 Program
step Procedure Keystroke Display Printer Error Conditions( indicated by f  lashing disRlay)
1 Part i t ion Ca lcu lator
2 Read Program Cards 1,  2,  3
and Data Card 4
Choosing OB or UB as required
3 lf total height of tree is known
go to step 5
4 Enter Predominant height
Enter DBH
(after TH i f  desired)
Go to step 6
5 Enter TH
Enter DBH
6 To ca lcu la te
7 Enter H
I Enter DUB
3 0P 17 719.29
B'
R/S
R/S
B
R/S
PH
TH
PH Pht<O or Ph>40
DBH DBH<0 or DBH>60
TH
DBH Ti t le Tree too tal l  and slender
PH
TH
DBH
TH TH<0 or TH>40
DBH TitIE DBH<O Or DBH>60
TH Tree too tal l  and slender
DBH
DUB H
DUB
H<0 or H>TH
\
Diameter go to 7
'Height go to 8
surf. Area g; ;; ; repeat as often as desired
Volume go to 10
c ' DUB DUB<O or DUB>DUB at ground
H
9 Enter lower height limit D' HL HL HL<O or HL>TH
- Enter upper height limit R/S Surf. Area HU HU<HL or HU>TH
s'A.
10 Enter lower height l imit D HL HL HL<O or HL>TH
Enter upper height l imit R/S Volume HU HU<HL or HU>TH
VOL
11 To check dimensions of current A DBH Title
tree: TH
DBH
12 For new tree, go to step 3.
